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[bookmark: _GoBack]Abstract
Artificial intelligence (AI) has taken hold in public health, especially in dentistry because more and more people are looking to make a diagnosis using technology that allows them to work faster and more accurately, reducing costs and the number of medical errors. Artificial Intelligence has proved itself to be a boon in the field of dentistry. In the future AI-based comprehensive care systems are expected to have high-quality patient care and help researchers know and treat more about diseases. Even though misconceptions and certain limitations about Artificial Intelligence prevail, it continues to flourish due to its advantages in providing precision. Along with AI, certain trends are in use, like 3D printing, Teledentistry, Machine Learning, and Smart Dental Devices. These are just a few of the many ways that technology is changing dentistry. As technology continues to advance, we will likely see even more innovative and ground breaking developments in this field in the years to come. Albert Einstein said, “Imagination is the highest form of research.” so one needs to be National Dental Thinker providing innovative Dental Solutions1. Nanotechnology, stem cells, and gene therapy are also innovative methods that are used in dentistry 2. This review describes some current and future applications of all the above trends in dentistry.
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Figure1: Graphical Abstract
Courtesy: Thurzo A, Strunga M, Urban R, Surovková J, Afrashtehfar KI. Impact of Artificial Intelligence on Dental Education: A Review and Guide for Curriculum Update. Education Sciences. 2023; 13(2):150. https://doi.org/10.3390/educsci130201503
Introduction:
Artificial Intelligence:
Tooth loss is very common, and it can be due to disease or trauma; therefore, dental implants are widely used to provide a replacement for missing teeth. The healthcare sector has been involving more and more technologies like artificial intelligence and machine learning for the past 5 years. The main objective is to analyse the accuracy of artificial intelligence and machine learning in the diagnosis of different dental diseases or conditions. Artificial intelligence (AI) is a fast-moving technology that enables machines to perform tasks previously exclusive to humans4. Advances in AI offer benefits such as decreasing post-operative complications, increasing the quality of life, improving decision-making, and decreasing the number of unnecessary procedures5. The concept of AI was introduced by John McCarthy, a mathematician from Dartmouth University, in 1956 at a workshop, which credited him as the father of Artificial Intelligence6. The term “artificial intelligence” (AI), defined as computerized synthetic human cognitive function, was first introduced in 1956 at Dartmouth University7. Richard Bellman, in 1978 defined Artificial Intelligence as “The automation of activities associated with human thinking abilities, which includes learning, decision making and problem-solving”8. AI can be regarded as a valuable tool to help dentists and clinicians reduce their workload. Besides diagnosing diseases using a single information source directed at a specified disease, AI can learn from multiple information sources (multi-modal data) to diagnose beyond human capabilities. AI enables us to enter a new era of extremely early diagnosis through the search and detection of pre-symptoms of contracting a given disease9. AI has been used to improve image interpretation in dental radiology. AI allows machines to learn from experience, adapt to new inputs, and perform tasks in a human-like manner. Based on various exciting advantages of AI-based technologies, various fields have gained many benefits, including health care and dentistry is particular among them10. Back in 2020, dated Jan 8, there was a very harmful virus called coronavirus, initially referred to as the Wuhan coronavirus (CoV), was designated as a severe acute respiratory syndrome (SARS)-CoV-2, was responsible for the latest pandemic that was affecting human health and economy across the world11. At that time, healthcare providers were at an increased risk of contracting the infection and becoming potential carriers of the disease. According to Occupational Safety and Health Administration (OSHA), dental health care personnel (DHCP) were placed in the very high exposure risk category as dentists work close to the patient’s oral cavity12. AI has been demonstrated to increase accuracy, efficiency, and precision on par with medical experts more quickly and affordably13. The core component of artificial intelligence technology is a neural network that is designed like that of human brains, which can also simulate human thought. Strongly interconnected neurons make up this type of brain architecture, which primarily functions as a data processing system to address a particular issue14. Dental education will need to accompany the introduction of clinical AI solutions by fostering digital literacy in the future dental workforce. AI solutions have not, by large, entered routine dental practice, mainly due to (i) limited data availability, accessibility, structure, and comprehensiveness, (ii) lacking methodological rigor and standards in their development, (iii) and practical questions around the value and usefulness of these solutions, but also ethics and responsibility15. AI is a reliable platform to make dental care better, smoother, and time-saving for professionals. AI helps dentistry professionals fulfil the demands of patients and ensure quality treatment and better oral health care. AI can also help in predicting failures of clinical cases and gives reliable solutions. In this way, it helps reduce the morbidity ratio and increases the quality of treatment of dental problems in the population16. Artificial intelligence appeared as a reliable modality to enhance future implications in the various fields of dentistry, i.e., diagnostic dentistry, patient management, head and neck cancer, restorative dentistry, prosthetic dental sciences, orthodontics, radiology, and periodontics17. AI is used in improving image interpretation in dental radiology. The process of machine learning is significantly improved with the breakthrough of deep learning, which enabled the computer to process numerous algorithms effortlessly with graphic processing units18. Most of the documented work is focused on AI models that rely on convolutional neural networks (CNNs) and artificial neural networks (ANNs). These AI models have been used in the detection and diagnosis of dental caries, vertical root fractures, apical lesions, salivary gland diseases, maxillary sinusitis, maxillofacial cysts, cervical lymph nodes metastasis, osteoporosis, cancerous lesions, alveolar bone loss, predicting orthodontic extractions, need for orthodontic treatments, cephalometric analysis, age and gender determination19. Based on various exciting advantages of AI-based technologies, various fields have gained many benefits, including health care and dentistry is particular among them20. AI enables the creation of a virtual database to assist professionals in the treatment and also helps in follow-up and emergencies21. The results showed that the accuracy of the prediction of the disease is almost 90%–96% when the above algorithms are used22. AI can be involved in the process of locating canals during randomized control trial and radiographic image which shows damaged or decayed tooth23. AI has the potential to revolutionize many aspects of dentistry, from diagnosis to treatment planning. 
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Figure 2: Different applications of artificial intelligence in dentistry
Courtesy: Lingam, Amara Swapna; Koppolu, Pradeep1; Akhter, Fatema; Afroz, Mohammed Malik; Tabassum, Nafeesa; Arshed, Maheen; Khan, Tahseen; ElHaddad, Sally. Future Trends of Artificial Intelligence in Dentistry. Journal of Nature and Science of Medicine 5(3):p 221-224, Jul–Sep 2022. | DOI: 10.4103/jnsm.jnsm_2_2224
The future of Artificial Intelligence:
Artificial intelligence in health care may involve activities ranging from simple to sophisticated, including medical record review, population health trending and analytics, therapeutic medication and device design, radiological image interpretation, and clinical diagnosis and treatment25. Artificial Intelligence is the new renaissance of dentistry. It involves itself in every aspect evolving the manual dental chairs to an electrical ones with voice recognition centres to facilitate command operations by the dentist26. In the future, AI will be adorned by all dental practitioners. With the wise use of machine learning, patient records and diagnostic data can be saved virtually. This will not only help patients maintain health track records but also help practitioners share the data with their colleagues for consultation and case discussion in a hassle-free way. In the future, cutting-edge technologies will serve as great assistants to the dentist by preserving their valuable time and increasing their precision27. Improved Diagnostic Accuracy, Predictive Analytics, Personalized Treatment Planning, Dental Robotics, Augmented Reality, Digital Impression Scanning, and Improved Patient Communication are included, which can be done by the AI models in the coming future.
Challenges of Artificial Intelligence: 
AI systems are associated with safety issues. Mechanisms must be created to control the quality of the algorithms used in AI. To remedy this situation, the United States Food and Drug Administration have created a new drug category, “Software as Medical Device,” through which it regulates safe innovation and patient safety. Ambiguous accountability in the use of AI systems is another concern28.    
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Figure 3: AI dental image analysis
Courtesy: Lee, S, Kim, D, Jeong, HG, (2022) Detecting 17 fine-grained dental anomalies from panoramic dental radiography using artificial intelligence. Research Outreach. Scientific Reports, 12, 5172. doi.org/10.1038/s41598-022-09083-2 DOI: 10.32907/RO-130-277329587629


Clinical Application of AI in Dentistry:   
Osteoarthritis classification: AI has demonstrated the ability to classify 3D images of the mandibular condyle into five stages of structural degenerative changes, achieving 91% close agreement with clinician consensus and an established classification system30.        
Cancer Detection: In a recent study, an AI model was able to achieve an F1 score (which includes precision and recall) of 87% for the identification of images containing lesions31.
Radiology: Dental radiography, that is, intraoral radiographs, panoramic, cephalometric, advanced imaging techniques, and cone beam computed tomography (CBCT), are collected for diagnosis, treatment planning, and treatment evaluation purposes during routine dental practice. AI can be used as an effective tool to help clinicians make more objective and reproducible assessments of radiological images32.
Orthodontics: It is the branch of dentistry that diagnoses and treats the placement irregularities of the teeth and the development and position disorders of the jaws33.
Periodontics: Periodontitis is one of the most common oral diseases that can cause alveolar bone loss, tooth mobility, and tooth loss34. The diagnosis of periodontitis can be made by clinical examination and radiographic examination of periodontal tissues35.
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Figure 4: Areas of AI research in Pedodontics
Courtesy: Vishwanathaiah S, Fageeh HN, Khanagar SB, Maganur PC. Artificial Intelligence Its Uses and Application in Pediatric Dentistry: A Review. Biomedicines. 2023; 11(3):788. https://doi.org/10.3390/biomedicines1103078836
Endodontics: It is a branch of dentistry that consumes all components of pulpal and periapical pathologies from their aetiology to their treatment. Areas such as anatomical variations of root canals, canal shaping techniques, and materials used in treatments are some of the topics that are researched and continue to be developed in endodontic37.   

Oral pathology38: Artificial intelligence models and networks can learn and process dense information in a short time, leading to an efficient, objective, and accurate clinical and histopathological analysis, which can be useful in improving treatment modalities and prognostic outcomes39.
Machine Learning: It is a branch of AI in which systems learn to perform intelligent tasks without prior knowledge or hand-crafted rules. Instead, the system identifies patterns in samples from large data sets without human assistance. Deep learning (DL) is a sub-branch of ML in which systems attempt to learn not only patterns but also compostable hierarchies of patterns built upon each other40.
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Figure 5: Key Aspects of Artificial Intelligence
Courtesy: Sanjeev B. Khanagar, Ali Al-ehaideb, Prabhadevi C. Maganur, Satish Vishwanathaiah, Shankargouda Patil, Hosam A. Baeshen, Sachin C. Sarode, Shilpa Bhandi, Developments, application, and performance of artificial intelligence in dentistry – A systematic review, Journal of Dental Sciences, Volume 16, Issue 1, 2021, Pages 508-522, ISSN 1991-7902, https://doi.org/10.1016/j.jds.2020.06.01941.
3D printing: It is being used to create custom dental restorations such as crowns, bridges, and dentures; well, it allows dentists to create these restorations quickly and accurately. With precise 3D scans and virtual models, it is easy to 3D print the aligners with customized treatment plans. As the vast data get computed, it creates an algorithm which in terms intelligently decides how a patient’s tooth or teeth should be moved, with how much pressure, even identifying pressure points for that particular tooth or teeth42. 
Teledentistry: Teledentistry is a combination of telecommunications and dentistry, involving the exchange of clinical information and images over remote distances for dental consultation and treatment planning43. Teledentistry, defined as the use of health information technology and telecommunications for oral care, was addressed to have the potential to identify high-risk populations; facilitate patient access to dental care; and reduce waiting lists, unnecessary travel, loss of productivity, and also inequalities in dental care access and costs for national health systems44. Teledentistry has the potential to address the oral care needs of those who have limited access to care45. Teledentistry demonstrated that dental professionals could consult each other even at large distances. This military project demonstrated that teledentistry was able to reduce total patient care costs, extending dental care to distant and rural areas and offering complete information required for deeper analyses46.
Smart Dental Devices: These are being developed that can track a patient's oral health and provide feedback to the dentist. These devices can be used to monitor a patient's brushing habits, track the progress of gum diseases and identify potential problems earlier. Artificial neural networks (ANNs) can be more helpful for the diagnosis of the dental condition, thus assisting dental personnel in timely treatment based on the risk assessment of the patient. This is very prominent in the identification of risk groups who are more susceptible to oral cancers. It also helps in the prediction of erupted canine sizes or premolars as well as tooth surface loss. Artificial Intelligence is the new renaissance of dentistry. It involves itself in every aspect evolving the manual dental chairs to electrical ones with voice recognition centers to facilitate command operations by the dentist. In the future, AI will be adorned by all dental practitioners. With the wise use of machine learning, patient records and diagnostic data can be saved virtually. This will not only help patients maintain health track records but also help practitioners share the data with their colleagues for consultation and case discussion in a hassle freeway. In the future, cutting-edge technologies will serve as a great assistant to the dentist by preserving their valuable time and increasing their precision.
Computer-aided design (CAD) technologies: Computer-aided design (CAD) technologies introduced in the last decade into the dental industry have signiﬁcantly facilitated achievements in dentistry47. 
Robotics in dentistry: The role of intelligent robots in oral implantation mainly includes: (i) preoperative digital 3D scanning of the implant site and imaging data collection/diagnosis analysis; (ii) digital implant surgery plan design; and (iii) real-time navigation and automatic drilling during the operation to improve the accuracy of dental implant surgery, reduce surgical trauma, and shorten the operation time48. “Robot” is a new term that emerged in the 20th century. In 1920, the Czech writer Karel Čapek published the science fiction script Rossum’s Omnipotent Robots, in which the word “robot” was first coined from the Czech word “Robota,” with a meaning similar to “labour” or “drudgery”49. Masticatory robots are robots, devices, or simulators that can simulate human chewing motion. It can be used in dentistry, food science (evaluation of food texture characteristics and food-chewing dynamics), and biomechanics (analysis of mandibular joint force and stress50.Tooth Cleaning- A six-axis robot that was programmed with individual clinical tooth brushing programs performed tooth brushing on artificial teeth, which were covered with a plaque simulation51. The intervention of robotic technology in dentistry has the potential to provide improved and precise treatment in a shorter time and has a good quality of work.
Applications of AI in the various fields of dentistry: 
Today, artificial Intelligence-based virtual dental assistants are available in the market. As virtual assistants, these software can perform a number of simple tasks in the dental clinic with greater precision, less manpower and fewer errors than human counterparts.
Some of these tasks include:
• Booking and coordinating regular appointments according to the convenience of the patients and dentists.
• Alerting the patients and dentists about check-ups whenever any genetic or lifestyle information indicates increased susceptibility to dental diseases. (E.g., periodontal screening for patients with diabetes and oral cancer screening for those who habitually use smoked or smokeless tobacco).
• Managing paperwork and insurance52.    


Conclusion:	
The above overview depicts that artificial intelligence has emerged a lot in current times and might emerge as a common tool in ultramodern dentistry in the upcoming future. The benefits of this system are effectiveness, delicacy, bettered perfection, bettered monitoring, and time savings53. As per researchers, AI is the future of helping clinicians to integrate different fields of knowledge for better patient care54. Dental practitioners can identify AI as a supplemental tool to reduce their workload and improve precision and accuracy in diagnosis, decision-making, treatment planning, and prediction of treatment outcomes. The benefits of digital applications will complement human qualities and abilities to achieve improved and cost-efficient healthcare for patients55. Teledentistry will help dentists assist patients without adding the risk of cross-infection56. These are just a few of the many ways that technology is changing dentistry. As technology continues to advance, we will likely see AI being best viewed as an intelligent assistant in diagnostic and therapeutic care, providing rapid, reliable data to inform clinical decision-making. Ultimately, this could translate to improved protocols and health outcomes for patients. Leveraging the power of AI, dentists can provide more effective and efficient care, ultimately leading to better patient outcomes and improved oral health.AI is best viewed as an intelligent assistant in diagnostic and therapeutic care, providing rapid, reliable data to inform clinical decision-making. Ultimately, this could translate to improved protocols and health outcomes for patients. There should be a clear understanding of the concepts and models of AI to have the full benefit of the technology. Dentists and clinicians also should ensure the collection and providing authentic data in their database to have accurate results from the models. In addition, AI plays a critical role in virtual reality (VR) and augmented reality (AR), which will be very useful to us in the coming future. 
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